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Abstract 

Habitat  preference,  effect  of  timber  harvesting  on  population  den- 
sities, and  food  habits  were  determined  for  small  rodents  inhabiting 
ponderosa  pin-e  in  north-central  Arizona.  Peromyscus  manicuJatus 
was  the  major  species,  with  a  density  of  1  to  11  per  acre.  Forbs  were 
the  primary  summer  food  item  for  all  rodent  species.  Seeds  and 
flowers  comprised  75%  of  the  vegetative  diet  and  leaves  or  stems 
25%.  Approximately  85%  of  the  total  diet  was  vegetation, and  15% 
was  insects. 
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Management  Implications 

Rodent  population  density  and  biomass  are  gen- 
erally low  in  untreated  ponderosa  pine^  forests. 
Thinning  of  pine  with  its  resulting  slash  increases 
density  and  biomass  200-1,000%.  The  deer  mouse 
is  the  most  typical  of  the  pine  type.  Its  population 
density  is  directly  related  to  the  amount  of  slash 
and  large  logs  on  the  ground.  Logging  operations 
normally  increase  the  number  of  downed  logs, 
improving  the  habitat  for  deer  mice. 

Brush  mice  and  woodrats  are  normally  found  in 
high  densities  along  rocky  slopes  but  seldom  in- 
habit pure  pine  stands.  Windrowing  slash  can 
create  "fingers"  of  habitat  for  these  species  and 
allow  them  to  invade  the  pine  stands.  Mexican 
woodrats  appear  to  be  better  adapted  to  different 
habitats  than  white-throated  woodrats. 

The  cliff  chipmunk  is  found  along  rock  cliffs 
and  in  thinned  pine  stands.  Density  increases  as 
the  forest  is  thinned,  but  this  species  does  not 
inhabit  clearcuts.  Altitudinal  zonation  limits  cliff 
chipmunks  to  below  7,300  feet  elevation.  Gray- 
collared  chipmunks  prefer  mature  forests  above 
7,300  feet.  Along  that  boundary,  interspecific 
competition  favors  the  cliff  chipmunk  in  open 
stands  and  the  gray-collared  chipmunk  in  more 
dense  forests.  The  golden-mantled  ground  squirrel 


prefers  areas  above  7,300  feet  elevation  but 
inhabits  both  open  and  dense  pine  stands. 

Pocket  gophers  inhabit  both  treated  and  un- 
treated forests  but  prefer  areas  with  deep  topsoils. 
However,  this  species  was  not  found  in  high  densi- 
ties on  any  of  the  study  areas. 

Thinning  ponderosa  pine  forests  would  favor 
cliff  chipmunks  over  gray-collared  chipmunks 
where  both  species  are  present.  Clearcutting 
would  eliminate  both  species  and  the  golden- 
mantled  ground  squirrel.  However,  the  degree  of 
thinning,  when  all  slash  is  removed,  would  have 
little  effect  on  other  species.  If  cull  logs  and  large 
diameter  limbs  are  left  scattered  after  thinning, 
deer  mouse  densities  will  increase  in  proportion 
to  the  increase  in  cover.  When  slash  is  piled  or 
windrowed,  brush  mice  and  Mexican  woodrats 
will  move  into  the  pine  type,  and  deer  mouse 
population  density  will  increase  slightly.  There- 
fore, the  treatment  of  slash,  rather  than  the  actual 
pine  thinning,  is  the  primary  factor  determining 
rodent  density  and  species  diversity. 

Forbs  were  the  primary  food  item  for  all  rodent 
species  during  the  summer.  Seeds  and  flowers 
were  preferred  to  other  parts  of  the  plant. 
Ponderosa  pine  seeds  and  seedlings  did  not  con- 
tribute significantly  to  the  summer  rodent  diet  on 
the  Beaver  Creek  Watershed.  ^' 


Introduction 

Rodents  are  an  important  part  of  the  ponderosa 
pine  ecosystem  since  they  feed  extensively  on 
various  plant  species,  and  in  turn,  are  fed  upon  by 
many  terrestrial  and  avian  predators.  High  rodent 
population  densities  can  significantly  affect  plant 
survival  or  reproduction  (Schmidt  and  Shearer 
1971,  Dingle  1956].*~?tsudden  drop  in  their  popula- 
tion can  stress  predatory  species  forcing  them 
to  seek  alternate  food  sources.  Therefore,  any 
treatments  affecting  rodent  populations  may  also 
influence  other  plants  or  animals. 

'Scientific  names  of  plants  and  animals  referred  to  in  ttiis 
paper  are  listed  in  tfie  appendix. 


Study  Areas 

The  Beaver  Creek  Watershed  is  located  on  the 
Coconino  National  Forest  approximately  30  miles 
south  of  Flagstaff,  Ariz. 

Vegetation  types  found  on  the  Beaver  Creek 
Watershed  include  ponderosa  pine,  alligator 
juniper,  Utah  juniper,  and  semidesert.  However, 
this  study  was  limited  to  the  pine  type  generally 
found  above  6,500  feet  elevation. 

The  forest  is  primarily  composed  of  ponderosa 
pine  but  contains  some  Gambel  oak  and  alligator 
juniper  (Brown  et  al.  1974).  The  basal  area  per 
acre  of  a  typical  stand  includes  92  square  feet  of 
pine,  18  square  feet  of  Gambel  oak,  and  5  square 
feet  of  alligator  juniper  (Brown  et  al.  1974).  The 
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size  mixed  classes  are  dominated  by  2-  to  10-inch 
or  26-inch-plus  trees,  with  a  shortage  of  trees  in 
the  14-  to  24-inch  class  (Brown  et  al.  1974). 

The  soils  are  primarily  clay  or  silty  clay  less 
than  2  feet  deep  and  derived  from  basalt  parent 
material  (H.  E.  Brown  1971).  Average  precipitation 
varies  within  the  watershed  from  about  22  to  28 
inches  per  year  (Price  1967),  Topography  within 
the  pine  type  is  dominated  by  a  southwest  aspect 
with  a  5°  to  15°  slope  dropping  from  about  7,600 
to  6,500  feet.  Several  steep  mountains  rising  to 
nearly  8,000  feet  and  several  rocky  canyons 
provide  some  variations  in  slope  and  aspect. 

Understory  vegetation  beneath  the  undisturbed 
ponderosa  pine  is  generally  open,  with  about  124 
pounds  per  acre  of  grasses  and  58  pounds  per 
acre  of  forbs  and  half-shrubs.  Dominant  grasses 
include  bottlebrush  squirreltail,  mutton  bluegrass, 
blue  grama,  and  black  dropseed.  Important  forbs 
include  western  ragweed,  spreading  fleabane, 
trailing  fleabane,  and  showy  aster  (Brown  et  al. 
1974). 

This  study  was  conducted  on  6  of  the  18  experi- 
mental watersheds:  watersheds  8,  10,  11,  13,  14, 
and  17.  Watershed  13  was  untreated  and  served 
as  the  control  area  for  comparison  with  the 
treated  watersheds.  Watersheds  11,  14,  and  17 
were  treated  between  1958  and  1971,  and  water- 
sheds 8  and  10  were  cut  in  1974  while  this  study 
was  in  progress.  Watershed  descriptions  and 
treatments  are  presented  in  table  1. 

Rodent  population  densities  were  determined 
by  intensive  live  trapping  on  a  4.17-acre  site  on 
each  watershed  studied.  Each  site  was  chosen  to 
typify  the  habitat  found  on  that  watershed. 

The  site  on  watershed  13  contained  a  wide 
mixture  of  pine  age  classes  ranging  from  over- 
mature trees  more  than  24  inches  in  diameter  to 
thickets  of  reproduction  less  than  2  inches  in 
diameter.  The  ground  was  covered  by  pine 
needles,  small  twigs,  and  fallen  trees.  Grass  and 
forb  growth  was  very  sparse.  The  southern  edge 
of  the  site  bordered  on  one  of  the  two  rocky  can- 
yons found  on  the  watershed. 

The  site  on  watershed  14  was  dominated  by 
thinned  pine  and  oak  but  included  portions  of  two 
strip  cuts.  Some  slash  had  been  piled  and  burned, 
but  much  of  the  cut  reproduction  (less  than  2 
inches  in  diameter)  remained  on  the  ground  along 
with  many  downed  logs  8  inches  or  more  in  diam- 
eter. The  ground  htter  had  also  been  disturbed  by 
the  logging  operation,  exposing  some  rock  and 
bare  soil.  At  the  time  of  this  study,  grass  and  forb 
growth  was  good  on  this  disturbed  soil. 

The  site  on  watershed  17  had  been  severely 
thinned,  leaving  only  even-aged  pine  14-24  inches 
in  diameter  and  some  Gambel  oak.  The  slash  had 
been  windrowed  and  covered  approximately  15% 


of  the  area.  The  rows  were  spaced  about  50  feet 
apart.  Ground  disturbance  during  logging  stimu- 
lated understory  vegetation  growth,  especially 
common  mullein  and  other  invading  species. 

Watershed  11  was  clearcut,  and  all  slash  was 
removed  or  burned.  A  stand  of  intermediate 
wheatgrass,  blue  grama,  bottlebrush  squirreltail, 
and  other  grasses  provided  food  and  ground  cover 
for  rodents.  This  site  contained  35%  surface 
rock.  Many  large  rocks  had  been  exposed  and 
dislodged  during  logging,  creating  good  rodent 
habitat.  Smaller  rock  was  probably  brought  to  the 
surface  by  frost  heaving. 

The  site  on  watershed  8  was  heavily  forested 
with  pine.  Many  trees  were  in  the  medium  size 
classes,  which  are  not  common  on  the  Beaver 
Creek  Watershed.  Thick  litter  and  numerous 
fallen  logs  covered  the  ground.  Grass  and  forb 
growth  was  good  in  the  more  open  areas  but  poor 
in  the  dense  pine  stands. 

The  trap  site  on  watershed  10  included  about 
two-thirds  pine  and  one-third  juniper,  the  approx- 
imate ratio  of  these  types  on  this  watershed.  The 
pine  was  generally  young  with  few  trees  more 
than  12  inches  in  diameter.  The  ground  under  the 
pines  was  covered  by  a  shallow  litter  layer  with 
very  few  fallen  logs  or  rock.  The  juniper  was 
generally  in  rocky  ground  with  little  topsoil.  A 
rocky  slope  bordered  the  northern  edge  of  the 
trap  site.  Understory  vegetation  was  sparse. 


Methods  and  Materials 

Live  Trapping 

A  live  trap  grid  developed  by  Cockrum  and 
Vaughan  (1971)  and  used  on  their  Sonoran  Desert 
validation  studies  in  southern  Arizona  was 
chosen  for  this  study.  The  square  grid  contained 
196  live  traps  in  14  rows  of  14  traps  each  spaced 
33  feet  apart.  Trap  spacing  was  based  on  the  ra- 
dius of  the  home  range  of  the  brush  mouse,  the 
least  mobile  species  probably  present  on  the 
watershed.  Spacing  between  traps  was  set  at  33 
feet  to  expose  animals  to  at  least  four  traps  and, 
therefore,  provide  data  to  determine  their  home 
range. 

From  two  to  four  potential  trap  sites  for  each 
watershed  were  chosen  from  a  topographic  map 
and  then  inspected  on  the  ground.  To  minimize 
intersite  variability,  all  sites  were  chosen  on 
south  to  west  facing  aspects  with  less  than  10% 
slope.  Manpower  and  time  limitations  prevented 
study  of  more  than  one  site  per  watershed;  there- 
fore the  site  most  representative  of  the  overall 
watershed  habitat  was  selected  for  trapping. 
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Table  1.— Descriptions  and  treatments  of  the  watersheds  used  for  the  rodent  study 


Watershed 
number 


Acres^ 


Elevation' 
(feet) 


Trees 
per  acre^ 


Basal  area 
per  acre^ 


Treatment 


13 


910  7,200 


14         1,349  7,300 


17 


299       7,040  1,082 


11 


188  6,610 


10 


1,802  7,360 


571  6,880 


898  98        This   is   an    untreated  watershed 

covered  with  mixed  ponderosa  pine. 
Two  rocky  canyons  extend  into  the 
watershed  and  contain  a  mixture  of 
pine  and  juniper. 

^726  54        A  strip,  shelterwood  cut  was  done  in 

1970-71.  One-third  of  the  watershed 
was  cleared  in  irregular,  30-90  feet 
wide  strips,  and  two-thirds  were  thin- 
ned to  80  square  feet  basal  area  per 
acre.  Slash  from  the  leave  strips  was 
partially  piled  and  burned.  The  pine 
was  cut  so  as  to  leave  mostly  14-  to 
24-inch  trees.  Small  Gambel  oak  was 
left  in  the  strip  cuts. 

30  In  1969  the  pine  was  heavily  thinned 
leaving  30  square  feet  basal  area  per 
acre  of  14-  to  24-inch  trees.  All 
juniper  and  large  Gambel  oak  were 
removed.  The  slash  and  windrowed 
perpendicular  to  the  drainage 
pattern. 

0  0        This  watershed  was  cleared  and 

planted  in  grass  in  1958.  Heavy 
stands  of  vegetation,  primarily 
intermediate  wheatgrass  {Agropyron 
intermedium),  blue  grama  (Bouteioua 
gracilis),  and  bottlebrush  squirreltail 
(Sitanion  hystrix)  built  up  from 
1958-66.  From  1967-71  spring  and  fall 
grazing  removed  one-half  of  the 
perennial  grass  growth. 

M73  ^98        This  watershed  was  untreated  during 

1972-73  research.  In  spring  1974,  the 
area  was  thinned  with  a  shelterwood- 
seed  tree  cut. 

'635  V5        This  watershed  was  uncut  pine  and 

juniper  during  the  1972-73  research. 
In  1974,  one-third  of  the  area  was  cut 
in  small  clearings  (less  than  10  acres) 
and  the  slash  was  piled.  The  re- 
maining timber  was  thinned. 


'Price  (1967) 
^Ffolliott  (1974) 
'Pretreatment  data 

Rodents  were  captured  in  4-  by  4-  by  10-inch 
screen  and  metal  live  traps.  A  mixture  of  peanut 
butter  and  rolled  oats  was  used  as  bait.  Traps 
were  checked  at  dawn  and  dusk  and  rebaited 
every  3  days  or  as  needed.  Captured  animals 
were  marked  by  toe  clipping,  weighed,  sexed,  and 
released. 

During  summer  and  fall  of  1972,  trapping  was 
conducted  on  the  untreated  control,  silviculturally 
improved,  big  game  habitat  improvement,  and 


clearcut  and  range  reseeded  watersheds  (table 
2).  Each  grid  was  run  for  a  10-day  interval  fol- 
lowed by  periodic  2-day  checks.  This  resulted  in 
the  watersheds  receiving  from  14  to  19  days  of 
trapping.  In  summer  1973,  the  control,  irregular 
strip  shelterwood,  and  severely  thinned  (treated 
1969]  watersheds  each  received  18  consecutive 
days  of  live  trapping.  This  live  trapping  provided 
data  on  species,  density,  and  distribution  in  the 
different  habitats  on  each  watershed.  However,  a 
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severe  winter  between  these  summers  signifi- 
cantly reduced  the  rodent  populations.  Since 
more  of  certain  species  were  killed  than  others, 
rodent  population  densities  could  not  be  com- 
pared among  watersheds  not  trapped  each  year. 

During  summer  1974,  each  of  the  watersheds 
except  the  big  game  habitat  improvement  was 
trapped  for  5  consecutive  days  (table  2].  There- 
fore, rodent  population  densities  were  compared 
between  watersheds  based  primarily  on  the  1974 
data.  The  big  game  habitat  watershed  was  being 
logged  in  1974  and  the  fallen  trees  and  piled  slash 
prevented  trapping.  Densities  for  this  area  were 
based  on  the  species  density  ratio  between  this 
watershed  and  the  control  for  1972.  For  example, 
the  brush  mouse  population  density  on  the  control 
in  1974  dropped  to  66%  of  the  1972  level  (from  29 
to  19].  Therefore,  the  1974  population  density  of 
this  species  on  the  big  game  habitat  watershed 
was  calculated  as  66%  of  its  1972  density. 

In  1975,  the  silviculturally  improved,  big  game 
habitat,  and  control  watersheds  were  trapped  for 
5-day  periods  in  summer  and  fall  to  determine  ro- 
dent population  densities  after  timber  harvesting. 

Density  estimates  were  made  by  dividing  the 
actual  number  of  a  species  caught  by  the  percent- 
age of  the  trap  grid  in  which  it  was  found.  For 
example,  brush  mice  were  caught  on  the  control 
live  trap  grid  (4.17  acres),  but  since  the  species 
was  found  in  only  23%  of  this  acreage,  its  density 
was  estimated  by  dividing  19  by  0.96  acres  rather 
than  by  the  entire  4.17  acres.  The  actual  number 


Table  2.  Dates  of  live  trapping  for  each  watershed 


Watershed 

1972 

1973 

1974 

13-Control 
watershed 

June  18-27 
July  24-26 
Aug.  2-3 
Aug.  30-31 

June  21- 
July  8 

May  29- 
June  2 

11-Clearcut  and 
range  reseeded 

July  23- 
Aug.  2 
Sep.  21-28 

June  3-7 

10-Big  game 

habitat 

Improvement 

July  8-17 
Aug.  5-6 
Oct.  22-23 

8-Silviculturally 
improved 

July  6-15 
Aug.  10-11 
Aug.  30-31 

June  4-8 

14-lrreguJar  strip 
shelterwood 

June  21- 
July  8 

May  29- 
June  2 

17-Severely 
thinned 

July  24- 
Aug.  10 

June  8-12 

of  animals  caught  was  used  to  determine  density 
rather  than  a  calculated  total  population  because 
small  sample  sizes  with  few  recaptures  generally 
prevented  precise  population  estimates. 

The  changes  in  rodent  populations  caused  by 
the  watershed  treatments  were  evaluated  in 
terms  of  both  density  and  biomass.  Weights  for 
each  species  on  each  watershed  were  averaged, 
and  the  averages  for  species  common  to  several 
watersheds  were  compared.  Since  averages  did 
not  differ  significantly  between  watersheds,  all 
weights  for  each  species  were  pooled  to  provide 
an  average  for  total  biomass  calculations. 

Observations  of  areas  sought  by  deer  mice 
when  released  from  live  traps  showed  they  con- 
sistently used  stumps  and  downed  logs  for  escape 
cover.  Therefore  a  correlation  was  run  between 
deer  mice  and  downed  logs  more  than  6  inches  in 
diameter  available  for  cover.  Windrowed  slash 
was  not  included  in  the  square  footage  measure- 
ment because  it  consisted  primarily  of  smaller 
diameter  material. 

Snap  Trapping 

Snap  trapping  was  used  to  obtain  specimens  for 
stomach  analysis  and  to  provide  additional  data 
on  species  distribution.  Museum  specials  and  rat 
traps  were  distributed  at  10-yard  intervals  along 
existing  timber  inventory  transects.  These  parallel 
transect  lines  were  spaced  12  to  20  chains  apart 
throughout  the  watersheds.  Trapping  was  con- 
ducted in  August  and  September  1972  and  June 
through  August  1973.  Fall  and  winter  trapping 
was  unsuccessful  because  rain  and  snow  trig- 
gered or  covered  the  traps.  From  50  to  200  traps 
were  set  each  night.  Trapping  continued  until 
approximately  20  of  the  most  conmion  species 
were  captured  on  each  watershed. 

Gopher  Census 

Pocket  gophers  were  censused  by  mound  counts 
using  a  modification  of  Howard's  (1961]  method 
during  August  14-17,  1973.  Mound  groups  were 
counted  in  a  13.2-foot-wide  strip  along  the  existing 
timber  inventory  transects.  When  a  fresh  mound 
was  found,  no  additional  mounds  were  counted 
for  5  yards.  This  method  assumed  a  mound  group 
covering  a  maximum  area  of  25  square  yards  and 
one  animal  per  mound  group.  Therefore,  a  direct 
estimate  of  the  gopher  population  could  be  made. 


Vegetation  Analysis 

The  different  components  of  the  ground  cover 
on  the  watersheds  were  measured  using  a  mod- 
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ification  of  Daubenmire's  (1959)  method  during 
summer  1972.  Ground  cover  was  classed  as 
percent  grass,  forb,  litter,  bare  soil,  and  rock  to 
show  any  significant  differences  between  the 
watersheds.  The  percent  grass  and  forb  cover 
also  indicated  the  relative  abundance  of  food 
available  to  rodents.  An  8-  by  20-inch  area  was 
measured  at  each  of  the  145  to  195  inventory 
points  already  established  on  the  existing  timber 
inventory  lines  on  the  watersheds.  Percent  cover 
for  grass  and  forbs  was  based  on  stem  area  at 
ground  level. 

Stomach  Analysis 

Food  preferences  during  surmner  were  deter- 
mined by  microscopic  analysis  of  their  stomach 
contents  based  on  the  method  described  by  Storr 
(1961)  and  Anthony  (1972).  Most  plant  species 
have  a  characteristic  epidermal  cuticle  design  by 
which  they  can  be  identified.  Most  cuticles  are 
not  affected  by  the  digestive  process  and,  there- 
fore, provide  an  accurate  means  of  identifying 
plant  species  either  in  the  stomach  or  in  feces. 

A  reference  collection  of  known  cuticle  samples 
was  needed  for  this  technique.  Common  plant 
species  on  the  Beaver  Creek  watersheds  were 
collected  and  dried  during  summer  field  work  and 
later  made  into  reference  slides.  Three  slides 
were  made  for  each  species:  one  of  flower  or  seed 
material,  one  from  leaves  and  stem,  and  one  from 
the  root  system. 

Stomachs  of  rodents  collected  by  snap  trapping 
were  preserved  in  10%  formalin  until  ready  for 
processing.  The  stomach  contents  were  then 
boiled  in  5  to  10  ml  of  concentrated  nitric  acid 
until  the  plant  cuticles  separated.  These  cuticle 
fragments  were  then  compared  with  the  known 
cuticle  samples. 


Habitat  Preferences 


Ten  species  of  rodents  were  captured  on  the 
Beaver  Creek  watersheds  during  trapping  in 
1972-74.  These  included  the  deer  mouse,  brush 
mouse,  white-throated  woodrat,  Mexican  wood- 
rat,  cliff  chipmunk,  gray-collared  chipmunk, 
golden-mantled  ground  squirrel,  rock  squirrel, 
and  the  Mexican  vole. 

The  rock  squirrel  was  too  large  to  be  consis- 
tently caught  in  either  the  live  or  snap  traps  and, 
therefore,  will  not  be  discussed  as  part  of  this 
study.  Also,  no  further  discussion  will  be  made  of 
the  Mexican  vole  because  of  its  apparent  rarity 
on  the  study  areas. 


Deer  Mouse 

The  deer  mouse  was  the  most  characteristic 
species  of  the  ponderosa  pine  ecosystem.  This 
species  was  captured  on  all  six  watersheds  and 
was  present  in  every  habitat  type,  although  often 
in  low  densities.  The  deer  mouse  was  the  principal 
species  found  in  pure  stands  of  pine,  mixed  pine- 
juniper,  and  in  open  grassland.  This  was  consistent 
with  the  habitat  described  for  deer  mice  in  other 
studies  (Geluso  1971,  Jameson  1951  and  1952, 
Gashwiler  1959  and  1970,  Tevis  1956). 

A  near  perfect  correlation  was  found  between 
the  population  density  of  deer  mice  on  the  grids 
and  the  square  feet  of  stumps  and  downed  logs 
available  for  hiding  and  nesting  places  (fig.  1). 
The  mice  consistently  hid  in  the  larger  logs  or 
stumps.  The  fallen  logs  created  still  air  spaces 
which  served  as  good  nesting  sites.  Nests  were 
also  found  inside  bark  which  had  separated  from 
stumps  and  logs.  Mice  were  rarely  seen  entering 
holes  in  the  ground,  and  very  few  dens  of  this  type 
were  found  during  the  study. 
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Square  feet  of  downed  logs  and  stumps  over  6  in.  diameter  per  acre 

Figure  1.— Response  of  deer  mouse  density  to  increased 
ground  debris  in  the  pine  habitat. 

The  population  density  of  deer  mice  increased 
from  two  mice  per  acre  in  areas  where  debris 
measured  less  than  25  square  feet  per  acre  to  19 
mice  per  acre  when  the  debris  increased  to  335 
square  feet  per  acre. 

Correlation  between  deer  mouse  population 
density  and  trees  per  acre,  basal  area  per  acre, 
site  index,  and  percent  grass,  forbs,  litter,  rock, 
and  bare  soil  on  each  trap  site  were  not  significant. 

Brush  Mouse  and  Woodrat 

The  habitat  preferred  by  brush  mice,  white- 
throated  woodrats,  and  Mexican  woodrats  was 
almost  identical.  All  three  species  were  found  in 
very  high  density  along  rock  ledges  and  slides. 
Studies  by  Brown  (1969),  Jameson  (1951  and 
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1952],  and  Geluso  (1971)  agree  that  these  species 
prefer  habitat  with  rock  chffs  and  brush-rock 
slopes. 

Along  these  rocky  slopes,  brush  mouse  popula- 
tion density  ranged  from  20  per  acre  in  mild  years 
to  6  per  acre  after  a  harsh  winter.  Woodrat 
populations  varied  from  2  to  10  per  acre.  Eighty- 
five  percent  of  the  recaptures  for  these  species 
were  within  60  feet  of  the  rock  ledges,  and  no 
recaptures  in  open  ponderosa  pine  stands  were 
more  than  210  feet  from  rocky  cover. 

Windrowed  slash  serves  as  an  additional  habitat 
type  used  by  these  species.  However,  the  rodents 
were  seldom  captured  far  from  the  slash,  and 
none  of  the  marked  animals  were  captured  in  an 
adjacent  windrow  only  100-130  feet  away.  Brush 
mouse  and  woodrat  population  densities  in  the 
slash  varied  from  4  to  12  per  acre  and  2  to  11  per 
acre,  respectively. 

These  species  were  quite  rare  in  the  pure 
stands  of  pine  and  in  the  mixed  pine-juniper 
areas.  Their  population  densities  were  slightly 
higher  (one  per  acre)  in  the  open  grassland,  pos- 
sibly because  of  the  rocks  and  rock  crevices  found 
on  the  ground  surface. 

Both  species  of  woodrat  were  consistently 
caught  on  the  rocky  slopes,  but  only  the  Mexican 
woodrat  was  captured  in  the  windrowed  slash. 
Also,  the  few  individuals  found  in  the  pure  pine 
were  all  Mexican  woodrats.  Therefore,  it  appears 
that  the  Mexican  woodrat  may  be  more  adaptable 
to  different  habitats  than  the  white-throated 
woodrat. 

Southern  Pocket  Gopher 

Pocket  gopher  mounds  were  found  on  all  six 
watersheds  and  in  most  habitat  types,  but  this 
species  was  only  common  on  the  silviculturally 
improved  watershed.  There  the  gophers  found 
deep  soil  with  abundant  grasses  and  forbs  for 
food.  A  significant  correlation  (r  =  0.67,  d.f.  4, 
p  <  0.10)  was  found  between  number  of  gophers 
and  percent  surface  rock,  which  served  as  an 
indicator  of  top  soil  depth.  Davis  et  al.  (1938)  and 
Miller  (1948)  found  that  gophers  favored  deep 
soils. 

Measurable  gopher  populations  were  only 
found  on  three  watersheds.  The  pretreated  silvi- 
culturally improved  watershed  had  a  density  of 
0.22  gophers  per  acre,  and  the  irregular  strip 
shelterwood  and  severely  thinned  watersheds 
had  populations  of  0.04  to  0.05  gophers  per  acre. 
Studies  have  found  that  the  size  of  gopher  ter- 
ritories varies  considerably  with  habitat  type  and 
population  density  (Hansen  and  Remmenga  1961) 
and  that  densities  may  reach  8  to  10  gophers  per 
acre  (Ingles  et  al.  1949).  Since  gopher  population 


densities  on  Beaver  Creek  did  not  exceed  0.22  per 
acre,  and  generally  were  much  less,  this  species 
appeared  to  be  relatively  unimportant  in  this 
ecosystem. 

Chipmunk  . 

Since  trap  success  for  both  species  of  chipmunks 
was  less  than  1%  on  all  areas,  habitats  used  and 
density  estimates  were  based  on  observations 
made  during  the  study. 

The  cliff  chipmunk  was  consistently  observed 
and  occasionally  captured  in  the  area  where  the 
pine  had  thinned,  but  was  seldom  seen  in  the 
untreated  pine  stands.  The  gray-collared  chipmunk 
was  only  seen  or  captured  in  dense  stands  of  fairly 
mature  pine  and  usually  at  the  higher  elevations. 

Studies  by  J.  H.  Brown  (1971),  Heller  (1971),  and 
Sheppard  (1971)  showed  that  interspecific  compe- 
tition and  altitudinal  zonation  played  key  roles  in 
determining  chipmunk  distribution  and  population 
density.  Brown  (1971:305)  stated: 

"E.  dorsaJis,  the  more  aggressive  and  more 
terrestrial  species,  chases  umbrinus  from 
those  areas  where  the  trees  are  so  widely 
spaced  that  umbrinus  must  flee  on  the 
ground.  The  competitive  advantage  immedi- 
ately shifts  to  the  more  social  and  arboreal 
umbrinus  when  the  trees  are  sufficiently 
large  and  dense  that  their  branches  inter- 
lock. In  these  habitats  umbrinus  readily 
escapes  dorsaiis  by  fleeing  through  the  trees 
over  routes  that  the  more  aggressive  species 
cannot  follow.  In  such  situations  the  aggres- 
sive nature  of  dorsaiis  actually  becomes 
competitively  disadvantageous  because  the 
more  social  umbrinus  is  so  numerous  that 
dorsaiis  wastes  a  great  deal  of  time  and 
energy  on  fruitless  chases." 

This  statement  seems  to  describe  observations 
of  cliff  and  gray-collared  chipmunks  in  the  mature 
forest  on  the  silviculturally  improved  watershed. 
Observations  of  aggression  between  the  two 
species  showed  that  the  cliff  chipmunk  was 
dominant  and  that  the  gray-collared  chipmunk 
sought  protection  in  the  trees  when  confronted. 

The  gray-collared  chipmunk  was  only  found  in 
the  most  mature  of  the  forests  studied,  and  also 
lived  at  the  highest  average  elevation  (7,360  feet). 
On  a  nearby  watershed  (average  elevation  7,300 
feet),  where  the  pine  had  been  thinned,  many  cliff 
chipmunks  were  found,  but  the  gray-collared 
chipmunk  was  not  present.  However,  the  gray- 
collared  chipmunk  was  seen  in  other  nearby 
stands  which  contained  a  wide  mixture  of  pine 
age  classes  but  always  at  high  elevations.  Lowe 
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(1975]  found  that  gray-collared  chipmunks  were 
abundant  in  the  mature  forests  west  of  Flagstaff 
at  elevations  between  7,400  and  8,000  feet,  but 
that  their  density  decreased  as  the  forest  canopy 
was  opened.  He  found  no  cliff  chipmunks  on  any 
of  his  study  sites. 

Therefore,  it  appears  that  altitudinal  zonation 
separates  these  species  at  about  7,300  feet.  Along 
this  boundary,  the  cliff  chipmunk  dominates  the 
more  open  forest  stands,  while  the  gray-collared 
is  more  abundant  in  the  more  dense  forests. 

Population  densities  of  cliff  chipmunks  varied 
widely  from  about  1  per  20  acres  in  dense  pine 
stands  to  about  1  per  2  acres  in  thinned  pine 
stands  and  along  the  rock  ledges  inhabited  by 
woodrats  and  brush  mice. 

Gray-collared  chipmunk  population  densities 
were  calculated  at  2  per  acre  in  May  and  5  per 
acre  in  August  by  another  study  in  Coconino 
County  (Clothier  1969].  Observations  on  Beaver 
Creek  supported  these  estimates. 

Golden-mantled  Ground  Squirrel 

The  golden-mantled  ground  squirrel  was  abun- 
dant in  the  same  habitat  where  the  gray-collared 
chipmunk  was  found.  The  dense,  mature  forest  on 
the  silviculturally  improved  watershed  appeared 
to  be  the  preferred  habitat,  but  this  species  was 
also  seen  in  more  open  stands  but  only  at  high 
elevations.  Lowe  et  al.^  found  that  ground  squirrels 
were  abundant  in  both  dense  and  open  forests 
above  7,400  feet  elevation.  Therefore,  altitudinal 
zonation  appears  to  limit  the  distribution  of 
ground  squirrels  on  the  Beaver  Creek  watersheds. 
Density  was  estimated  at  1  per  4  acres  in  the 
denser  forests  and  1  per  20  acres  in  more  open 
stands. 


Timber  Harvesting  Effects 
on.  Rodent  Populations 

Three  basic  habitat  types  were  present  in  the 
uncut  forest:  pure  pine,  mixed  pine-juniper,  and 
rock  slopes.  Since  the  treatments  involved  man- 
ipulation of  tree  density  and  slash  removal,  only 
the  first  two  habitat  types  were  affected.  The 
rock  slopes  contained  high  rodent  populations, 
but  pretreatment  and  post-treatment  densities 
were  comparable. 

The  results  of  each  treatment  were  evaluated 
on  the  basis  of  changes  in  rodent  population 
density,  total  biomass,  and  species  diversity 
comparing  populations  to  the  control  watershed 

'Lowe,  Philip  O.,  Peter  F.  Ffolliott,  Warren  P.  Clary,  and 
E.  L.  Fitzhugh.  1975.  Effect  of  a  wildfire  on  rodent  popula- 
tions in  Arizona  ponderosa  pine.  Unpub.  rep.  Watershed 
Dep.,  Univ.  Ariz. 


pine  type  during  the  study  period.  Population 
changes  were  assessed  for  each  habitat  type  and 
then  combined  to  provide  an  average  density  and 
biomass  for  the  entire  watershed. 

Control  Watershed 

The  untreated  control  contained  two  habitat 
types.  Approximately  85%  of  the  watershed  was 
covered  by  pine  stands;  the  other  15%  was  rocky 
canyons. 

The  pine  stands  were  very  poor  rodent  habitat, 
because  there  were  few  downed  trees  or  little 
debris  to  provide  cover,  and  few  grasses  or  forbs 
to  provide  food.  Rodent  population  density  was 
calculated  at  only  1.3  animals  per  acre,  all  deer 
mice.  The  watershed  was  too  low  for  ground 
squirrels  or  gray-collared  chipmunks,  and  the 
dense  forest  excluded  cliff  chipmunks.  Rocky  soil 
made  most  areas  unfavorable  for  pocket  gophers. 
Biomass  for  this  habitat  was  16.5  grams  per  acre. 
Figure  2  shows  how  these  density  and  biomass 
estimates  rank  with  the  other  watersheds. 
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Figure  2.— Rodent  density  and  biomass  relative  to  the 
control  watershed.  Base  levels  on  the  control  watershed 
were  1.25  animals  per  acre  for  density  and  16.54  grams 
per  acre  for  biomass. 

The  rock  canyons  proved  to  be  excellent  habitat 
for  several  species.  There  were  19.8  brush  mice 
per  acre,  2.1  woodrats  per  acre,  0.5  chff  chip- 
munks per  acre,  and  0.1  deer  mice  per  acre  for  a 
total  of  22.5  animals  per  acre.  The  brush  mouse 
was  most  important  in  terms  of  both  density  and 
biomass  but  the  woodrat  added  significantly  to 
the  total  biomass.  The  average  density  for  the 
entire  watershed  was  4.4  animals  per  acre  and 
the  biomass  was  134.1  grams  per  acre. 
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Irregular  Strip  Shelterwood 

This  watershed  bordered  on  the  east  edge  of 
the  control  watershed  and,  prior  to  treatment,  the 
areas  were  similar  in  tree  size  and  density.  About 
95%  of  the  watershed  was  covered  by  pine  which 
was  moderately  thinned,  and  the  other  5%  con- 
sisted of  scattered  rock  outcroppings. 

Thinning  the  pine  left  many  cull  logs  and  large 
branches  scattered  on  the  area.  Some  of  the  slash 
was  not  piled,  and  much  of  that  which  was  piled 
was  not  completely  burned.  The  disturbed  soil 
also  stimulated  forb  growth.  These  conditions 
created  excellent  habitat  for  deer  mice.  This 
species  had  a  population  density  of  11.0  per  acre 
and  a  biomass  of  163.5  grams  per  acre.  These 
figures  show  a  782%  increase  compared  to  the 
deer  mouse  population  on  the  control  watershed. 
The  pine  also  contained  small  populations  of 
pocket  gophers  which  were  probably  attracted  by 
the  abundant  forbs,  and  Mexican  woodrats  which 
were  drawn  to  the  unburned  slash.  Thinning  the 
pine  raised  the  cliff  chipmunk  population  density 
to  the  level  close  to  that  found  in  the  open  rocky 
canyons  of  the  control  watershed.  Density  in  the 
thinned  pine  increased  830%  to  11.6  animals  per 
acre,  and  biomass  increased  1,133%  to  203.9 
grams  per  acre. 

The  scattered  rock  outcroppings  were  not 
extensive  enough  to  provide  a  significantly  dif- 
ferent habitat  type,  and  most  densities  were  the 
same  as  those  found  in  the  surrounding  pine.  The 
total  population  density  of  animals  throughout  the 
watershed  was  11.7  animals  per  acre  and  total 
biomass  was  215.5  grams  per  acre. 

Severely  Thinned 

The  pine  on  this  watershed  was  severely 
thinned,  and  the  slash  was  piled  in  parallel  rows. 
About  80%  of  the  area  was  covered  by  pine  and 
the  other  20%  by  windrowed  slash.  Pretreatment 
timber  inventory  indicated  this  watershed  origi- 
nally had  a  more  dense  forest  than  the  control 
watershed. 

The  thinned  pine,  with  a  density  of  5.3  animals 
per  acre  was  good  habitat  for  deer  mice.  Cliff 
chipmunk  population  density  was  0.7  per  acre, 
which  was  the  highest  for  this  species  on  any  of 
the  watersheds.  A  small  population  of  pocket 
gophers  also  was  present.  These  figures  indicate 
a  rodent  population  density  383%  higher  than 
that  found  on  the  control  watershed.  Biomass 
(104.6  grams  per  acre)  increased  533%  over  that 
of  the  control. 

The  windrowed  slash  was  good  habitat  for 
brush  mice  and  Mexican  woodrats  with  respective 
population  densities  of  12.1  and  2.4  animals  per 


acre.  Since  these  species  were  only  incidental 
inhabitants  of  other  thinned  or  unthinned  pine 
stands,  it  appears  that  the  slash  created  "fingers" 
of  new  habitat  which  allowed  brush  mice  and 
Mexican  woodrats  to  extend  their  range  into  the 
pine.  Deer  mouse  and  cliff  chipmunk  population 
densities  in  the  windrowed  slash  were  similar  to 
those  found  in  the  pine. 

Total  rodent  population  density  for  the  water- 
shed was  8.9  animals  per  acre,  and  total  biomass 
was  254.3  grams  per  acre.  The  most  significant 
aspect  of  this  treatment  was  the  increased  species 
diversity  resulting  from  the  windrowed  slash.  The 
brush  mice  and  Mexican  woodrats  comprised 
32%  of  the  total  rodent  density  and  49%  of  the 
biomass. 

Clearcut  and  Range  Reseeded 

This  conversion  from  pine  to  grassland  repre- 
sents the  extreme  in  forest  manipulation.  About 
95%  of  the  habitat  was  grassland  and  5%  rock 
outcroppings. 

Deer  mouse  population  density  measured  2.6 
animals  per  acre — a  111%  increase  over  the 
control.  Few  downed  logs,  which  normally  provide 
nest  sites  for  deer  mice,  were  available,  but  the 
machinery  used  in  the  logging  operation  had 
dislodged  many  large  rocks  near  the  ground 
surface,  creating  crevices  which  served  as  alter- 
nate nest  areas. 

Additionally,  the  loss  of  the  tree  roots,  which 
stabilized  the  soil,  allowed  frost  heaving  to  bring 
smaller  subsurface  rock  to  ground  level.  Conse- 
quently, in  1973,  rock  covered  35%  of  the  ground 
surface.  This  provided  habitat  for  low  densities  of 
brush  mice  and  woodrats  in  the  grassland  (0.5 
and  0.7  animals  per  acre,  respectively).  The  popu- 
lation density  of  both  species  increased  to  1.0  per 
acre  in  the  rock  outcroppings. 
^  Rodent  population  density  in  the  grassland  was 
192%  greater  than  the  control  (3.7  animals  per 
acre)  and  biomass  increased  799%  to  148.7 
grams  per  acre.  The  slightly  higher  densities  in 
the  rock  outcroppings  resulted  in  a  total  density 
on  the  watershed  of  3.9  animals  per  acre  and  a 
biomass  of  159.2  grams  per  acre. 

Big  Game  Habitat  Improvement 

Three  habitat  types  were  present  on  this  water- 
shed: pine  covered  60%  of  the  area;  mixed  pine 
and  juniper  covered  30%;  and  the  remaining  10% 
was  comprised  of  rock  slopes. 

Before  treatment  in  1974,  the  pine  stands  con- 
tained little  cover  for  rodents  and  supported  only 
about  0.1  animal  per  acre.  The  mixed  pine-juniper 
type  provided  neither  the  downed  logs  to  attract 
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deer  mice  nor  the  surface  rock  to  support  brush 
mice,  and,  therefore,  contained  only  0.2  animal 
per  acre  (12%  of  the  density  in  the  control  forest). 
Biomass  was  equally  low,  measuring  2.6  grams 
per  acre. 

The  rock  slopes  averaged  10.8  brush  mice  per 
acre,  3.9  white-throated  woodrats  per  acre,  and 
low  population  densities  of  deer  mice  and  cliff 
chipmunks.  The  brush  mice  were  the  most  numer- 
ous species,  but  their  biomass  was  only  about 
one-half  that  of  the  woodrats. 

The  watershed  averaged  1.6  animals  per  acre 
and  supported  a  biomass  of  84.3  grams  per  acre. 
Both  the  density  and  biomass  found  there  were 
the  lowest  of  all  the  watersheds. 

This  watershed  was  logged  in  1974.  The  pre- 
scription calls  for  a  thinning  of  the  pine  and  crea- 
tion of  scattered  openings  up  to  10  acres.  The 
slash  was  piled  in  the  clearings.  The  scattered 
logs  left  after  treatments  and  the  slash  piles 
provided  the  necessary  habitat  for  deer  mice  to 
increase  to  600%  of  the  density  found  on  the 
control.  The  piled  slash  also  allowed  Mexican 
woodrats  and  brush  mice  to  disperse  into  the  pine 
habitat.  In  addition,  the  treatment  caused  an 
influx  of  pinyon  mice,  not  previously  found  on 
this  watershed.  Their  population  density  nearly 
equalled  that  of  deer  mice.  The  net  effect  of  this 
treatment  was  a  4,800%  increase  in  density  and  a 
11,500%  increase  in  biomass  in  the  pine  habitat. 
Rodent  populations  on  the  rock  slopes  did  not 
change  after  treatment  of  the  pine  habitat. 

Silviculturally  Improved 

This  watershed  had  a  more  mature  forest  than 
that  found  on  the  control  and  was  higher  than  the 
other  study  areas. 

Before  treatment  in  1974,  seven  species  were 
found  in  the  pine  stands.  Two  of  these,  gray- 
collared  chipmunks  and  golden-mantled  ground 
squirrels,  were  not  present  on  any  other  water- 
shed. The  deer  mouse  was  the  most  numerous 
species  with  a  population  density  of  3.8  per  acre. 
However,  the  gray-collared  chipmunk  was  almost 
as  prevalent  with  3.0  per  acre.  The  latter  species 
contributed  184.7  grams  per  acre,  which  ac- 
counted for  58%  of  the  pine  type  biomass  of  320.6 
grams  per  acre.  Small  populations  of  brush  mice, 
Mexican  woodrats,  cliff  chipmunks,  ground 
squirrels,  and  pocket  gophers  increased  the  total 
rodent  population  density  to  7.9  animals  per  acre 
(a  532%  increase  over  the  control).  Excluding  the 
two  species  not  found  in  the  pine  on  the  control 
watershed  because  of  altitudinal  zonation,  the 
density  was  still  286%  above  the  control  level. 
These  figures  indicated  that  more  mature  pine 


stands  supported  a  greater  population  density 
and  diversity  of  rodents. 

The  silviculturally  improved  watershed  was 
logged  in  1974.  The  prescription  called  for  a 
moderate  thinning  of  the  forest  and  removal  of  the 
slash.  However,  when  the  study  area  was  trapped 
in  1975,  most  of  the  slash  still  remained  scattered 
on  the  ground.  This  slash  created  ideal  habitat  for 
deer  mice  which  increased  in  population  density 
to  650%  of  the  pretreatment  level.  The  population 
density  of  other  species  remained  unchanged 
following  treatment.  Therefore,  the  net  effect  of 
the  treatment  was  a  270%  increase  in  population 
density  (caused  entirely  by  deer  mice)  and  a 
100%  increase  in  total  rodent  biomass. 


Food  Habits 

A  review  of  the  literature  on  food  habits  of 
rodents  showed  the  great  adaptability  of  the 
order  Rodentia.  Ample  evidence  demonstrates 
that  a  species  may  feed  primarily  on  insects  in 
one  habitat  while  eating  only  vegetation  in 
another  location.  This  supports  the  generally 
accepted  opinion  that  rodents  are  basically 
opportunistic,  feeding  on  whatever  is  most 
abundant. 

Jameson  (1952)  described  the  diet  of  deer  mice 
as  consisting  mostly  of  forb  and  grass  seeds  in  the 
summer  and  primarily  tree  seeds  in  the  winter. 
Hamilton  (1941)  found  eastern  mice  fed  on  insects, 
vegetation  and  fruits  during  the  summer  and 
insects  and  seeds  in  the  winter.  Tevis  (1956)  listed 
grasses  and  forbs  as  comprising  82%  of  the 
summer  diet  of  ground  squirrels  with  the  other 
18%  being  insects.  He  found  that  chipmunks  were 
more  insectivorous,  eating  22%  insects  and  78% 
seeds  and  vegetation.  Many  studies  showed 
pocket  gophers  to  be  very  dependent  on  forbs 
(Miller  1964,  Vaughan  1967,  Ward  and  Keith 
1962,  and  Tietjen  et  al.  1967)  while  other  articles 
stated  grasses  and  pine  roots  were  the  staple 
items  (Dingle  1956,  Meyers  and  Vaughan  1964). 
Differences  in  habitat  and  food  availability  prob- 
ably account  for  these  variations. 

The  food  habits  portion  of  this  study  was  based 
on  the  assumption  that  the  rodents  would  be  op- 
portunistic in  their  feeding  habits.  Forty-three  of 
the  most  common  grasses,  forbs,  trees,  and 
shrubs  were  collected  on  the  watersheds,  and 
reference  slides  showing  flowers  and  seeds, 
leaves  and  stems,  and  root  samples  were  made 
for  each  plant. 

A  total  of  185  animals  were  collected  in  approx- 
imately 5,000  trap  nights.  Chipmunks  and  ground 
squirrels  were  very  difficult  to  trap;  therefore,  an 
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additional  23  of  these  species  were  collected  with 
a  shotgun  to  improve  the  sample  size. 

Estimates  of  the  vegetative  ground  cover  on  the 
watersheds  showed  57%  was  grass  and  43%  was 
forbs.  No  estimates  were  made  of  seed  material 
present  in  the  ground  litter  or  percentage  of 
ground  cover  occupied  by  tree  and  shrub  seed- 
lings. Young's^  initial  studies  of  insect  population 
density  and  biomass  on  the  Beaver  Creek  water- 
sheds showed  that  both  values  decreased  as  the 
intensity  of  treatment  increased. 

The  average  diet  of  the  Beaver  Creek  rodents 
was  very  consistent  for  all  species  except  pocket 
gophers.  Insects  comprised  15%  by  volume  of  the 
total  diet  and  vegetation  or  unknowns  85%  (fig.  3]. 
The  estimate  for  insects  is  probably  low,  because 
only  the  legs  and  exoskeleton  were  readily  identi- 
fied. Most  of  the  soft  parts  of  the  insects  were 
either  destroyed  by  digestion  or  were  not  recog- 
nized during  the  analysis.  Forbs  comprised  58%, 
grasses  16%,  and  trees  less  than  1%  of  the  total 
volume.  Unknowns  made  up  11%  of  the  diet. 
Analysis  of  deer  mouse  diet  showed  some  vari- 

^Young,  R.  M.  1973.  Relative  insect  density  and  biomass. 
p.  17-20.  In  Beaver  Creel<  evaluation  project  progress  report. 
Unpubl.  rep.  U.S.  Dep.  Agric,  For.  Serv.,  Rocky  Mt.  For.  and 
Range  Exp.  Stn.,  For.  Sci.  Lab.,  Flagstaff,  Ariz. 


Southern 
pocket  gopher 
(I41 


Figure  3.  — Percentage  of  food  types  found  in  rodent 
stomachs  collected  during  summers  of  1972-73.  Numbers 
in  parentheses  indicate  sample  size;  letters  stand  for 
grass  (G),  forbs  (F),  tree  (T),  insects  (I),  and  unknown  (U). 
Numbers  with  letters  indicate  percent  of  total. 


ability  in  plant  species  eaten  on  treated  versus 
untreated  watersheds  but  the  averages  for 
percent  grasses,  forbs,  and  trees  were  not  signifi- 
cantly different.  Therefore  it  appears  that  the 
watershed  treatments  did  not  alter  the  rodents' 
diet.  Analysis  of  the  diet  for  other  species  between 
treated  and  untreated  watersheds  was  not  prac- 
tical because  of  small  sample  sizes. 

Although  forbs  made  up  43%  of  the  ground 
cover,  they  provided  a  significantly  higher  pro- 
portion of  the  average  diet  (x^  =  4,269.  4  d.f., 
p  <  0.05].  Groundsel  dominated  the  diet  of  all 
rodents,  accounting  for  25%  of  the  vegetation 
eaten.  Other  important  forbs  were  goldenrod, 
Arizona  agoseris,  spreading  fleabane,  golden- 
weed,  and  white  sweetclover. 

Since  the  average  rodent  had  an  average  of  3.8 
species  in  its  stomach  when  captured,  it  appears 
that  each  animal  was  feeding  heavily  from  a  small 
number  of  plants.  When  stomachs  were  opened  in 
the  lab  for  treatment,  the  contents  were  usually 
layered  into  different  colors  and  textures  of 
material.  Each  layer  was  probably  particles  of  a 
single  plant  species.  Seed  heads  and  flowers 
accounted  for  about  75%  of  the  diet,  with  leaves 
and  stems  providing  25%.  Only  pocket  gophers 
ate  root  material. 

In  summer,  rodents  ate  relatively  few 
ponderosa  pine  seeds  and  seedlings  on  Beaver 
Creek.  Seedlings  comprised  only  3%  of  pocket 
gopher  diet,  and  seeds  were  an  incidental  item  in 
the  diet  of  several  species.  Seeds  which  are  nor- 
mally dropped  in  the  fall  may  be  eaten  during 
other  seasons.  Pocket  gophers  may  depend  more 
heavily  on  pine  seedlings  during  fall  and  winter 
when  forbs  and  grasses  are  less  abundant,  but 
because  of  the  low  population  density  of  pocket 
gophers  in  the  study  area,  there  should  be  little 
damage  to  pine  reproduction. 
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Appendix 


Plants 


Alligator  juniper 
Blue  grama 
Black  dropseed 
Bottlebrush  squirreltail 
Flannel  mullein 
Gambel  oak 

Intermediate  wheatgrass 
Muttongrass 
Ponderosa  pine 
Showy  aster 
Spreading  fleabane 
Trailing  fleabane 
Utah  juniper 
Western  ragweed 


Juniperus  deppeana 
Bouteloua  gracilis 
Sporoholus  interruptus 
Sitonion  hystrix 
Verbascum  thapsus 
Quercus  gambeJii 
Apropyron  intermedium 
Poa  fendleriana 
Pinus  ponderosa 
Aster  commutatus 
Erigeron  divergens 
Erigeron  /JageiJaris 
Juniperus  osteosperma 
Ambrosia  psilostachya 


Animals 


Gray-collared  chipmunk 
Cliff  chipmunk 
Uinta  chipmunk 
Mexican  vole 
White-throated  woodrat 
Mexican  woodrat 
Brush  mouse 
Deer  mouse 
Pinyon  mouse 
Golden-mantled 

ground  squirrel 
Rock  squirrel 
Southern  pocket  gopher 


Eutomias  cinereicoilis 
Eutamias  dorsoJis 
Eutomias  umbrinus 
Microtus  mexicanus 
Neotoma  alhigula 
Neotoma  mexicana 
Peromyscus  hoylei 
Peromyscus  manicuJatus 
Peromyscus  truei 

SpermophiJus  JateraJis 
Spermophilus  variegatus 
Thomomys  umbrinus 


Agriculture— CSU,  Fort  Collins 
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